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I. INTRODUCTION
Eddy-current simulations are needed for
a wide spectrum of biomedical applications.
Techniques whereby eddy currents interact
with the biological system are Transcra-
nial Magnetic Stimulation (TMS) and In-
duced Current - Magnetic Resonance Electrical
Impedance Tomography (IC-MREIT).
II. EFFICIENT NUMERICAL SOLVER
A widely applied method for simulating the
eddy currents is the impedance method. It dis-
cretizes the geometry into voxels and assigns
material properties, represented as impedances,
to each of them. This leads to a 3D network
of impedances with the time-varying magnetic
induction in each voxel as source model. How-
ever, the linear system of equations that have
to be solved is ill-conditioned, leading to a
long convergence time and an inaccurate solu-
tion or even in some situations to no solution
at all. Therefore, we introduce an independent
impedance method, whereby a set of indepen-
dent equations is identified by defining inde-
pendent loops in the 3D circuit using graph the-
ory [1]. This improves the conditionality and
speeds up the numerical convergence.
Computer-assisted TMS: TMS has become
an important tool for the diagnosis and treat-
ment of neurological diseases and psychiatric
disorders. External coils are positioned above
the head and create rapidly changing magnetic
fields. These time-varying applied fields induce
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Figure 1. Overview of the objectives of this research.
eddy currents and stimulate the human brain in
a non-invasive way. However, the precise in-
teraction mechanism of electric currents with
the neurological system is still an open ques-
tion and needs to be answered [2].
IC-MREIT: IC-MREIT is a non-invasive
technique for conductivity estimation. The MR
scanner induces eddy currents into the brain
which generate a magnetic field, measured by
the MR scanner and function of the conductiv-
ity values. We propose a low-parametric pro-
cedure using a priori information, obtained by
T1-weighted MR images, so to circumvent the
ill-posedness of traditional IC-MREIT.
III. CONCLUSIONS
In this research, an efficient 3D eddy-current
solver is proposed for bio-electromagnetic cal-
culations. It is a useful tool for accurate and fast
TMS simulations and conductivity estimation.
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